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DUPLICATE 

l 

VARIABLE GEOMETRY TURBINE 

The present invention relates to a variable geometry turbine. Particularly, but 
not exclusively, the invention relates to the turbine of a turbocharger for an internal 
combustion engine. More particularly still, the invention relates to vehicle engine 
turbochargers which maybe controlled to operate as an engine exhaust brake. 

Turbochargers arc well known devices for supplying air to the intake of an 
internal combustion engine at pressures above atmospheric (boost pressures). A 
conventional turbocharger essentially comprises an exhaust gas driven turbine wheel 
mounted on a rotatable shaft within a turbine housing. Rotation of the turbine wheel 
rotates a compressor wheel mounted on the other end of the shaft within a compressor 
housing, The compressor wheel delivers compressed air to the engine intake 
manifold. The tuzbocharger shaft is conventionally supported by journal and thrust 
bearings, including appropri ate lubricating systems, located within a central bearing 
housing connected between the turbine and compressor wheel housings. 

In known traboohargers, the turbine stage comprises a turbine chamber within 
which the turbine wheel is mounted, an annular inlet passageway defined between 
facing radial walls arranged around the turbine chamber, an inlet arranged around the 
inlet passageway* and an outlet passageway extending from the turbine chamber. The 
passageways and chambers communicate such that pressurised exhaust gas admitted 
to the inlet chamber flows through the inlet passageway to the outlet passageway via 
the turbine and rotates the turbine wheel It is also well known to trim turbine 
performance by providing vanes, referred to as nozzle vanes, in the inlet passageway 
so as to deflect gas flowing through the inlet passageway towards the direction of 
rotation of the turbine wheel 

Turbines may be of a fixed or variable geometry type. Variable geometry 
turbines differ from fixed geometry turbines in that the size of the inlet passageway 
can be varied to optimise gas flow velocities over a range of mass flow rates so that 
the power output of the turbine can be varied to suite varying engine demands. For 
instance, when the volume of exhaust gas being delivered to the turbine is relatively 
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pressure which retards rotation of the engine providing a b rakin g force which is 
transmitted to the vehicle wheels through the vehicle drive train. The exhaust braking 
may he employed to enhance the effect of the conventional friction brakes acting on 
the vehicle wheels, or in some circumstances be used independently of the normal 
wheel braking system, for instance to control down hill speed of a vehicle. With 
some exhaust brake systems the brake is set to activate automatically when the engine 
throttle is closed (i.e. when the driver lifts his foot from the throttle pedal), and in 
others the exhaust brake may require manual activation by the driver, such as 
depression of a separate brake pedal. The exhaust braloe valve is generally 
controllable to modulate the braking effect- for example to mamtain a constant vehicle 
speed. 

With a variable geometry turbine it is not necessary to provide a separate 
exhaust brake valve, Rather, the turbine inlet passageway may simply be closed to its 
minimum flow area when braking is required. The level of braking may be 
modulated by control of the inlet passageway size by appropriate control of the axial 
position of the nozzle ring (or other variable geometry mechanism). Whilst having 
the advantage of obviating the need to provide a separate exhaust brake valve, there 
are however problems associated with operation of variable geometry turbines in an 
exhaust braking mode. 

In particular with the modem highly efficient turbines, a relatively high air 
flow is still delivered to the engine as the inlet passageway is reduced towards the 
minimum width. This can result m engine cylinder pressures approaching or 
exceeding acceptable limi ts if the inlet passage is closed too far. Accordingly there is 
a practical limit on the extent to which the inlet passage can be closed in braking 
mode, which in turn Hunts the effective braking force that can be provided by control 
Of a conventional variable geometry turbine. 

It is an object of the present invention to obviate or mitigate the above 
disadvantage. 

According to; the present invention there is provided a variable geometry 
turbine comprising a turbine wheel supported in a housing for rotation about a turbine 
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Referring to Figure 1, this illustrates a known turbocharger as disclosed in US 
patent number 5,044,880, The turbocharger comprises a turbine stage 1 and a 
compressor stage 2. The turbine stage 1 is a variable geometry turbine comprising a 
turbine housing 3 defining a volute or inlet chamber 4 to which exhaust gas from an 
internal combustion engine (not shown) is delivered. The exhaust gas flows from the 
inlet chamber 4 to an outlet passageway 5 via an annular inlet passageway 6 deiined 
on one side by a radial wall 7 of a moveable annular member 8 3 referred to herein as a 
nozzle ring, and on the other ride by a facing radial wall 9 of the housing 3. An array 
of nozzle vanes 10 extend through slots in the nozzle ring 8 across the inlet 
passageway 6 from a. vane support ring 11 which is mmmted on support pins 12. Th« 
arrangement is such that the degree to which the vanes 10 extend across the inlet 
passageway 6 is controllable independently of fee nozzle ring 8 and will not be 
described in detail here. 

Gas flowing fiom the inlet chamber 4 to the outlet passageway 5 passes over a 
turbine wheel 12 which as a result drives a compressor wheel 13 via turbocharger 
Shaft 14 which rotates on bearing assemblies 15 located within a bearing housing 16 
which connects the turbine housing 2 to a compressor housing 17. Rotation of the 
compressor wheel 13 draws in air through a compressor inlet 18, and delivers 
compressed air to the intake of the engine (not shown) via an outlet volute 19. It will 
be appreciated that the bearing housing also houses oil supply and seal arrangements* 
the details of which are not necessary for an understanding of the present invention. 

The nozzle ring 8 comprises a radially extending annular portion defining the 
radial wall 7, and axial ty extending inner and outer annular flanges 20 and 21 
respectively which extend into an annular cavity 22 provided in the turbine housing 3. 
With the turbine construction shown in the figures, the majority of the cavity 22 is in 
feet defined by the bearing housing 16 - this is purely a result of the construction of 
the particular turbocharger to which the invention is in this instance is applied and for 
the purposes of the present invention no distinction is made between the turbine 
housing and bearing housing in this regard. -The cavity 22 has a radially extending 
annular opening 23 defined between radially inner and outer annular surfaces 24 and 
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less work than the exhaust gas flow through the inlet passageway 6 particularly since 
this is turned in a tangential direction by the vanes 10. In other words, as soon as the 
apertures 32 are brought into communication with the inlet passageway 6 there is an 
immediate reduction in the efficiency of the tuifao charger and corresponding drop in 
compressor outflow pressure (boost pressure) with an accompanying drop in engine 
cylinder pressure. 

Thus, with the present invention the provision of the inlet bypass apertures 32 
will have no effect on the efficiency of the turbocharger under normal operating 
conditions but when the turbine is operated in an engine braking mode, and the inlet 
passageway is reduced to its minimum, the apertures will 32 facilitate a greater 
reduction in inlet passageway size than is possible with the prior art without over 
pressurising the engine cylinders. This thereby provides improved engine braking 
performance. 

It will be appreciated that the efficiency reducing effect on the turbocharger 
can be predetermined by appropriate selection of the number, size, shape and position 
of the apertures 32. 

Figures 3a and 3b illustrate a second embodiment of the present invention. As 
with Figures 2a and 2b* only detail of the nozzle ring/inlet passageway region of the 
turbine is illustrated. Where appropriate, the same reference numerals are used in 
Figures 3a and 3b as used in Figures 1 and 2. Figures 3a and 3b illustrate application 
of the invention to an otherwise conventional turbine which differs from the turbine of 
Figure 1 in several respects. Firstly, the nozzle vanes 10 are mounted on the nozzle 
ring S and extend across the inlet passageway 6 and into a cavity 33 via respective 
slots provided in a shroud plate 34 which together with the radial wall 7 of the nozzle 
ring 8 defines the width of the inlet passageway 6. This is a well known arrangement 

Secondly, in accordance with the teaching of European patent number 0 654 
5S7, pressure balancing apertures 35 are provided through the radial wall 7 of the 
nozzle ring 8 and the inner annular flange 20 is sealed with respect to the housing 3 
by a respective seal ring 36 located in an atmular groove provided in the radially inner 
annular portion 24 of the housing 3. The provision of the apertures 35 ensures that 
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In accordance with the present invention the inner annular flange 20 of the nozzle ring 
S is provided with inlet bypass apertures 32 which pass the seal ring 26 as the nozzle 
ring moves to close the inlet passageway 6 to a minimum (as illustrated in Figure 4b). 
However, the outer inlet bypass path is provided not by apertures through the nozzle 
ring, but by a circumferential array of recesses 3a formed ia the outer annular portion 
25 of the opening 23 of cavity 22. As can be seen from Figure 4a, under normal 
operating conditions the seal ring 37 will be disposed inward of the recesses 39 
preventing the passage of exhaust gas around the nozzle ring 8 and through the cavity 
22. However, as the nozzle ring moves to close the inlet passageway 6 to a minimum, 
as shewn in Figure 4b, the seal ring 37 moves into axial alignment with the recesses 
39 which thereby provide a bypass path around the seal ring 37 to allow gas to flow 
through the cavity 22, and to the turbine wheel via the inlet bypass apertures 32 
provided in the inner annular flange of the nozzle ring 8, It will be appreciated that 
the effect of the recesses 38 is directly equivalent to the effect of apertures 32 and that 
in operation this embodiment of the invention will function in substantially the same 
way as the other embodiments of the invention described above. 

It will be appreciated that modifications may be made to the embodiments of 
the invention described above. For instance* if only one seal ring is required as for 
example in embodiment of Figures 8, and this is located on the nozzle ring, then there 
wiU be no need to provide aperture 32 in the inner flange of the nozzle ring. 
Similarly, if there axe both inner and outer seal rings located in the housing,, it will be 
necessary to provide bypass recesses in both the inner and outer annular portions of 
the housing instead of bypass apertures through the nozzle ring. 

Other possible modifications and applications of the present invention will be 
readily apparent to the appropriately skilled person. 
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3. A variable geometry turbine according to claim 2, wherein the annular seal is 
located within an annular groove provided within said annular surface of the cavity. 

4. A variable geometry turbine according to claim 1, wherein said annular seal is 
mounted to said first annular flange, and the or each bypass passage comprises a 
recess provided in the adjacent annular surface of the cavity, 

5. A variable geometry turbine according to claim 4, wherein said annular seal is 
located within an annular groove provided in an outer surface of said first annular 
flange. 

6. A variable geometry turbine according to any preceding claim, wherein said 
first annular flange extends asially from the radially outermost periphery of the radial 
wall of the moveable wall member, and said first annular seal is disposed between the 
first annular flange and said outer surface of the cavity. 

7. A variable geometry turbine according to claim 6, wherein said moveable wall 
member comprises a second annular flange extending axially into said cavity from the 
radially innermost periphery of the radial wall, and a second annular seal is mounted 
to one of said second annular flange or said inner annular surface of the cavity, and 
one or more inlet bypass passages are provided in the other of said second annular 
flange and said inner cavity surface. 

8. A variable geometry turbine according to claim 7, wherein apertures are 
provided through said radial wall of the moveable wall member whereby the cavity is 
in fluid communication with the inlet passageway, said apertures being arranged such 
that in use a resultant force is exerted on the moveable wall member which force is 
always in a single axial direction. 
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16. A tuxbocharged internal combustion engine comprising a turbocharger 
according to claim 13. 

17. A powered vehicle comprising a turbocnarged internal combustion engine 
according to claim 14, wherein operating said turbocharger with the annular wall 
member at or adjacent said second position provides an exhaust braking function. 
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